This investigation deals with the determination of various physico-chemical and biological parameters of surface water quality of river Noyyal and its connected ponds at Coimbatore, India. Based on their significance, the sampling locations were selected. There are five sampling locations were selected like river Noyyal at sorce (S 1 ), Perur Lake, (S 2 ), Ukkadam Pond (S 3 ), Singanallur Lake (S 4 ) and Sulur Pond (S 5 ), and samples were collected from each locations at river Noyyal basin in and around Coimbatore district. The surface water quality index determination is prerequisite and essential. In this present work, from different methods of water quality determination, the most commonly used index of National Sanitation Foundation water quality index (NSF-WQI) has been followed. The physico-chemical and biological parameters such as dissolved oxygen, faecal coliforms counts, pH, biochemical oxygen demand, phosphate, nitrates, turbidity, and total dissolved solids were investigated. Except in Noyyal river at source (S 1 ) all the measured parameters are showed to be very high pollution compared to limits suggested by WHO particularly during summer season and thereby it is not suitable for public use.
INTRODUCTION
The adverse effect of water pollution is a major environmental concern on both nature and the human beings. The industrial, domestic, agricultural and hospital waste water are directly discharged without any treatment of effluents on the surface water 1 . Water chemistry is controlled by several anthropogenic and natural factors. Nowadays, along the river basins the largest cities with highly developed industry are constructed. As a result of industrial production huge amounts of hazardous wastes are regularly come out and spread to the environment due to improper storage and discharged activities. The availability of fresh water is vital for drinking, cultivation, and ensures the sustainable increase of crop yield. Surface water quality degradation is a critical worldwide environmental problem 2, 3 .
Water qualities play a significant role in determining both the biological environment and public health [4] [5] . Fresh water is a key resource for economic, social and human development 6 . The degradation of water quality resulting from point and nonpoint sources pollution is a global environmental issue 2, 7 . Agricultural activities such as deforestation, irrigation, pesticide use, drainage, enrichment of soil and animal waste from cattle populations will have consequences for the quantity and quality of water in the lakes, ponds, rivers and in the catchment 8, 9 . This investigation throws light on the present status of the surface water quality of river Noyyal and its connected ponds around Coimbatore district India using National sanitation Foundation Water Quality Index (NSF-WQI) along with modified NSF-WQI method.
Study Area
The river Noyyal originates in the Vellingiri hills and passes through Coimbatore, Tirupur, Erode and Karur districts of western Tamilnadu before its convergence with River Cauvery at Noyyal hamlet in Karur district. The latitude and longitudes of the Noyyal River basin are covered within the range of 100° 56'-110° 19' North and 760° 41'-770° 56' East respectively. The width of the basin is averagely 25 km. But the river has 35 km width in the central part of the basin. The total area covered by the basin is 3510 square km. The Noyyal is a seasonal river having a good flow during the South-West and NorthEast monsoons that bring rains to the catchment area. Due to this, flash floods occur often. Except these short rainy seasons, most of the time, the flow is meager throughout the year 10, 11 . Perur Lake, sampling station 2 is situated 25 km from station 1 and 5 km above Coimbatore city. In the stretch between station 1 and 2, the agricultural run-off and animal waste from the livestock sheds are the only contaminants that are discharged to the station 2 during rainy season due to surface runoff 12 
.
Sampling station 3, Ukkadam pond also known as Coimbatore big lake is situated 5 km below Perur Lake and 6 km above Singanallur Lake. This Lake is located North of the Noyyal River and is fed by the channels originating from Coimbatore anicut on the river.
It is situated near a fish market, taxi stand and a bus-stand, and is a recipient of different industrial chemicals, municipal solid waste and urban sewage. Approximate area under encroachment as per PWD is around 4.047 hectares. The adequate quantity of water is swamped into the lake from Noyyal River during monsoon season and thereby fishing activities are carried out by fisherman 13 . Sampling station 4, Singanallur Lake is located 14 km above the Sulur Lake. It has three major inlets one from River Noyyal, and two sewage drains from Sanganur and Kallimadai, one weir dam and two sluices act as outlets for the lake. A railway track connecting Podanur and Irugur passes through this lake. It has a depth of 13.95 feet with capacity of the lake is 52.27 mc.ft 14 . Drainages from sanganur sewage, municipal solid waste and industrial effluents are the major sources of pollutants for this lake.
Sampling station 5, Sulur pond also known as Sulur Lake is situated 14 km below Singanallur Lake and 25 km East of Coimbatore city. During rainfall season the lake receives flooded water from the catchment areas of Noyyal River. The maximum depth of the pond is 13.05 feet and the area is about 0.480 sq.km. The total water holding capacity of the pond is 32.21 mcft. Nearly 750 acres of Sulur village gets irrigation facilities from this pond 15 . The major cause of pollution is due to domestic solid waste, agricultural activity and construction debris.
MATERIAL AND METHODS

Collection of Samples
The sampling points were selected in both urban and rural areas. The samples were collected from five stations in and around Coimbatore district viz., river Noyyal at source (S 1 ), Perur Lake (S 2 ), Ukkadam pond (S 3 ), Singanallur Lake (S 4 ) and Sulur pond (S 5 ) with meticulous care in double stoppered polythene containers, which are used for physicochemical analysis. The sampling was carried out in the study area, from five open wells in the rainy and summer seasons for the year 2018.
Chemicals and Reagents
Analytical grade (AR) chemicals and reagents were used in the study. Double distilled or deionised water was used for the preparation of stock solutions. For cleaning and rinsing of apparatus, double distilled water was used. The permissible limits as per IS were followed.
Methods of Analysis
Following are the methods used for the determination of the parameters under study [16] [17] [18] . 
RESULTS AND DISCUSSION
The eight water quality parameters are used to calculate overall water quality index of river Noyyal and its connected ponds using NSF-WQI and MNSF-WQI during rainy and summer season of 2018 are given in Tables 2 and 3 . The eight resulting values were then added to an overall water quality index 12, 19 . WQI = 0.19 DO + 0.18 FC + 0.12 pH + 0.12 BOD + 0.11 Total phosphate + 0.11 Nitrates + 0.09 Turbidity + 0.08 Total solids
Modified NSF Water Quality Index Formula (MNSF)
Modified water quality index based on six water quality parameters, which are suitable to surface waters in the western districts of Tamil Nadu. In this method, the weighing factor of temperature, biological oxygen demand (BOD) and total phosphates were distributed over other parameters. In the NSF formula, the contributing factor of BOD (0.11), total phosphates (0.10) and temperature (0.10), were distributed to the other parameters such as dissolved oxygen (DO), faecal coliforms (FC), pH, total nitrates (TN), turbidity (TUR) and total solids (TS) by using the mathematical principle of proportion and summation as follows. Water quality index was calculated for the pond water connected with River Noyyal using NSF-WQI formula without modification and the same after redistributing the weighing factors of BOD, temperature and total phosphates to other parameters according to their weightage 20 . The following points were observed when comparing the values of various water quality parameters from S 1 to S 5 . The average values of eight water quality parameters using NSF-WQI and Modified NSF-WQI during summer and rainy seasons for the year of 2018 were presented in Tables 2 and 3 . The graphical representation of water quality parameters (WQP) and overall water quality index (WQI) of river Noyyal and its connected ponds during summer and rainy season of 2018 are also given in Figures 1-4 . The dissolved oxygen plays a chief role for sustaining the life of aquatic organisms 21 . The value of dissolved oxygen (% saturation) decreased significantly from station 1 to station 5. The value of DO decreased 13 units for summer season and 12 units for rainy season during the year of 2018. The reason for decrease in dissolved oxygen 94% to 81% during summer season and 95 to 83% during rainy season is owing to the discharge of domestic sewage and spinning mill wastes into the Sulur Lake (S 5 ). Iqbal et al., 22 . also reported that the content of dissolved oxygen was found to be high during rainy season than summer in Rawal Lake, Pakistan. In station 5, it is found that agricultural run-off and the population of livestock wastes are also discharged in the river Noyyal and its connected ponds. The aquatic communities especially fish populations are affected on the whole, due to low percentage of dissolved oxygen particularly during spawning period because the respiratory system requires dissolved oxygen to breath 23, 24 .
The presence of faecal coliform bacteria is an indication of presence of disease producing microorganisms in the water bodies. The faecal coliforms count has increased from S 1 to station S 5 during both the seasons. The faecal matter of animals and humans are the major contaminants in water supplies. In this study, the counts of faecal coliform has increased from 4 to 128 MPN/100 ml (124 numbers) and 2.50 to 82 MPN/100 ml (80 numbers) during summer and rainy seasons respectively, from station 1 to station 5. The most significant variation of faecal coliform counts in station 5 during summer seasons are majorly due to the free flow of domestic and industrial sewage into the river. In this stretch, seasonal fluctuation was observed on the counts of faecal coliform during summer and rainy seasons, as reported by Tupe et al., 25 and Sharma et al., 26 in their works. The high count of faecal coliforms in water shows pollution either by faecal substance of sewage or warm-blooded animals 27 .
In potable water, the value of pH measures the hydrogen ions concentration present in the water and indicates the intensity of alkalinity and acidity. The range of pH values from station 1 to station 5 shows significant change. In all these samples, pH value ranged between 7.50 and 10.90. So the waters in stations S 2 , S 3 , S 4 and S 5 are more alkaline in both the seasons due to alkalinity of effluents. The results obtained from analysis of water samples of river Noyyal at various stations in the study areas are shown in Tables 2 and 3 . Generally, the value of pH in upstream would be less alkaline than downstream. Rhythm Aggarwal et al., 28 also reported the increased alkalinity of water in Kaushalya River due to agricultural run-off and domestic sewage containing ammoniacal complexes.
Similarly, the concentration of biochemical oxygen demand has increased from station 1 to station 5 during both summer (0.90 to 8.60 mg/L) and rainy (0.60 to 6.50 mg/L) seasons. The lowest BOD in river Noyyal at station 1 (S 1 ) 0.90 mg/L and 0.60 mg/L was observed during summer and rainy season, respectively and the highest value of BOD was observed in station 5 (S 5 ) 8.60 mg/L and 6.50 mg/L during summer and rainy season, respectively. The much variation of the biochemical oxygen demand values in station 5 during both the seasons may be due to release of domestic sewage, agricultural waste and industrial effluents into the river Noyyal connected Sulur pond. From this observation, we can say that the value of BOD increases to a definite extent only.
The increased amount of nitrate and phosphate in station 5 indicates the mixing of inorganic fertilizers such as N, P, K used for agricultural activities. In this investigation, the amount of phosphate in river Noyyal and its connected was found to be ranging from 0.20 to 2.10 mg/L. When compared to other stations, the station 5 showed high concentration of phosphate content during both summer and rainy season. The high concentration of phosphate in S 2 , S 3 , S 4 and S 5 may be due to animal and human waste that are blushed into water ways, either from surface runoff and poorly treated industrial waste that carries phosphate into the river which eventually has a significant effect on the water quality of river 29 . This variable phosphate values were also reported by Mishra et al., 30 at different sites of River Ganga connected tanks based on seasonal variations. The nitrate concentration in surface water samples ranged between 0.50 to 7.50 mg/L during rainy and summer season, respectively. The amount of nitrate found to be high at Sulur pond (S 5 ) 6.50 to 7.50 mg/L compared to Singanallur Lake (S 4 ) 4.80 to 5.10 mg/L and Ukkadam pond (S 3 ) 4.50 to 4.80 mg/L Perur Lake (S 2 ) 3.00 to 4.00 mg/L and source (S 1 ) 0.40 to 0.50 mg/L during rainy and summer season, respectively.
There is also considerable increase in water turbidity from station 1 to station 5. Turbidity is an optical property causing scattering of light rather than transmission with no change in direction. When more turbidity is present in water, it is unsuitable for water supplies like drinking and it affects various industrial products.
High turbidity can hinder the effects of sterilization against microbes and support bacteriological growth 31 . The microbiological quality of water is significantly affected by the turbidity present in the water 32 . In this study, the water from river Noyyal at source (S 1 ) has acceptable turbidity 1.50 NTU and 2.00 NTU during rainy and summer season, respectively. While other samples at S 2 , S 3 , S 4 and S 5 shows 16.00 NTU and 18.00 NTU, 20.00 NTU and 22.00 NTU, 28.00 NTU and 32.00 NTU and 34.00 NTU, 43.00 NTU during rainy and summer season are shown in Tables 2 and 3 . The increased value of turbidity in station 5 indicates the presence of colloidal and suspended matters like silt, sediment, clay, finely divided organic and inorganic substances. In this stretch, the variations of all these measured parameters are found to be more pronounced in summer than in rainy season. The water containing more dissolved solids has lower palatability and may cause on adverse biological reaction in humans. High concentrations of minerals present in water make water unfit for many applications 33, 34 . As per the suggestion given by WHO the permissible limits of TDS in drinking water is < 500 mg/L 35 . In this study, the lowest value of TDS was observed in a range of 88.00 to 97.00 mg/L at station 1 during rainy and summer season, respectively. The highest value was observed in a range 1200 to 1800 mg/L at S5 during rainy and summer season, respectively (Tables  2 & 3) . The TDS content in station 5 during summer season compared to other stations significantly increased due to the increased rate of evaporation leaving behind high concentrations of dissolved salts in water. In station 5, the scenario of the human activity shows the presence of small scale industries, which would liberate hazardous pollutants. The pond is also polluted due the discharge of sewage from one of the temple (Lord Muragan Temple) situated on the bank of the river closely to Sulur Pond. The fishing activities in the lake and agricultural practices by farmers nearby water body is also responsible for increasing the pollutant levels in Sulur lake and subsequently decrease the overall water quality index in this station. The overall water quality index value decreased from S 1 to S 5 as 91.00 to 56.00 (36 units) and 92.20 to 60.50 (32 units) during summer and rainy seasons respectively using NSF-WQI.
Water Quality Parameters using Modified NSF-WQI
A modified water quality index was also calculated using only six water quality parameters excluding temperature, biological oxygen demand (BOD) and total phosphates. The overall WQI values thus obtained are also given in the same Tables 2 to 3 along with NSF-WQI method. From this, we find that the difference in the water quality index values are in the order of 4 to 5 units only, which is very minimal. To know the change in temperature, standardized temperature should be used. Standardized temperature is the average of monthly temperature taken at a particular point at a particular time. It is a time consuming one. Similarly 5 days BOD value has to be calculated after incubation for 5 days. So the new WQI formula worked out (without temperature, BOD and phosphate) can be used to calculate WQI without any time delay and without any serious error.
CONCLUSION
The physico-chemical and biological parameters of surface water samples of river Noyyal and its connected ponds reveals that most of the parameters are exceed the recommended limits for potable water. In conclusion, surface water quality of River Noyyal and its connected ponds in and around Coimbatore district except station 1 during both summer and rainy seasons is not fit for domestic and agriculture purposes as per drinking water standards described by WHO and BIS guidelines. Form the result of water quality investigation it is obvious that most of the water quality parameters are significantly higher during the summer season than in the monsoon season. The present investigation together recommended that there will be proper execution or implementation of new waste water management systems to provide good quality of water in the urban regions and to ensure availability of safe drinking water from natural water bodies to users. Also, to enhance the water quality of river Noyyal and its connected ponds comprises of complete prohibition on the activities that cause contamination. This will prevent and control the depletion of surface water quality of river Noyyal and its connected ponds from pollution.
